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Top quark compositeness

Top quark as the heaviest fermion in the SM ,

As far as we know, the top is elementary, compare e.g. to the proton
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Substructure is resolved around the proton mass
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We have not seen any new degrees of freedom around the top mass
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Higgs compositeness and the top

The Higgs field arises from the breaking of a new global symmetry.

Like for the pions in QCD, this generates a hierarchy of scales mH ⌧ m⇤
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Explicit breaking by couplings to the elementary sector

Couplings of fermions must reproduce known Yukawas
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Consider fully composite right-handed top: �R ! 1, �L ! yt/g⇤
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Top compositeness as an EFT

Power counting important to estimate size of different contributions

In our limit:
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<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

t
<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

t
<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

Leading effect for strongly coupled theories g⇤ � 1
<latexit sha1_base64="/oAWdnZ8Oeshu6NT5NL/o1H9LaM=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV1FvBi8cK9gOaUDbbTbp0swm7E6GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKQw6Lrfztr6xubWdmmnvLu3f3BYOTpumzTXjLdYKlPdDanhUijeQoGSdzPNaRJK3glHdzO/88S1Eal6xHHGg4TGSkSCUbSSH/d9apD4cUy8fqXq1tw5yCrxClKFAs1+5csfpCxPuEImqTE9z80wmFCNgkk+Lfu54RllIxrznqWKJtwEk/nNU3JulQGJUm1LIZmrvycmNDFmnIS2M6E4NMveTPzP6+UY3QQTobIcuWKLRVEuCaZkFgAZCM0ZyrEllGlhbyVsSDVlaGMq2xC85ZdXSbte8y5r9YerauO2iKMEp3AGF+DBNTTgHprQAgYZPMMrvDm58+K8Ox+L1jWnmDmBP3A+fwD1oJDy</latexit>
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<latexit sha1_base64="YoUgXKs8rjAD8WGAQuRISkipSuw="></latexit>
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Parametrize top compositeness with effective operators

<latexit sha1_base64="QiauQIFFpoPwTNifvIlRi8fn/uc="></latexit>c  
m2

⇤
( ̄�µ )

2
<latexit sha1_base64="l56CzftlriPKZYJxpp+hpSNRXt8="></latexit>c D
m2

⇤
 ̄D3

µ�
µ 

[Georgi et al. ’94]

<latexit sha1_base64="2v5PO7VxOo4OvZVfhGoE1a/kkf8=">AAACLnicbZDLSgMxFIYz9VbrbdSlm2ARXJQyUxVdFq3isoK9QKcdMmnahiaZIckIZegTufFVdCGoiFsfw0zbhbYeCPzn+3NIzh9EjCrtOG9WZml5ZXUtu57b2Nza3rF39+oqjCUmNRyyUDYDpAijgtQ01Yw0I0kQDxhpBMOr1G88EKloKO71KCJtjvqC9ihG2iDfvq50TnyPxxB6inJY6ZRgJe0L0CukSsTT3jhGT2gf3vhJigwYT7lv552iMym4KNyZyINZVX37xeuGOOZEaMyQUi3XiXQ7QVJTzMg458WKRAgPUZ+0jBSIE9VOJuuO4ZEhXdgLpTlCwwn9PZEgrtSIB+YmR3qg5r0U/ue1Yt27aCdURLEmAk8f6sUM6hCm2cEulQRrNjICYUnNXyEeIImwNgnnTAju/MqLol4qumdF5+40X76cxZEFB+AQHAMXnIMyuAVVUAMYPIJn8A4+rCfr1fq0vqZXM9ZsZh/8Kev7B4EppTs=</latexit>
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Top compositeness as an EFT

<latexit sha1_base64="l56CzftlriPKZYJxpp+hpSNRXt8="></latexit>c D
m2

⇤
 ̄D3

µ�
µ 

<latexit sha1_base64="4ZS8pUTrtZRC6rn4HgOgLEB320s=">AAACIXicbVBNT8JAEN36ifhV9ehlIzGBC2mJRo5ELx4xkY+EApkuW9iw2za7WxNC+Cte/CtePGgMN+OfcSk9KPhOb96bycw8P+ZMacf5sjY2t7Z3dnN7+f2Dw6Nj++S0qaJEEtogEY9k2wdFOQtpQzPNaTuWFITPacsf3y381hOVikXho57EtCtgGLKAEdBG6tvVYa+Ci9jzQeIAe0MQAvqeSExRwsVU9mLFMqe3cNK61LcLTtlJgdeJm5ECylDv23NvEJFE0FATDkp1XCfW3SlIzQins7yXKBoDGcOQdgwNQVDVnaYfzvClUQY4iMyRUahxqv6emIJQaiJ80ylAj9SqtxD/8zqJDqrdKQvjRNOQLBcFCcc6wou48IBJSjSfGAJEMnMrJiOQQLQJNW9CcFdfXifNStm9LjsPV4XabRZHDp2jC1RELrpBNXSP6qiBCHpGr+gdfVgv1pv1ac2XrRtWNnOG/sD6/gEbkKEN</latexit>

g2(f̄�µf)( ̄�
µ )

<latexit sha1_base64="A4kPs0g7o6DOHOdqsmi+j7bHvlw=">AAACHXicbZDNSgMxFIUz/lv/Rl26CRbBhZQZUXQpCuLChYrVQmccMmnahiaZMbkjDENfxI2v4saFIi7ciG9jWgtq64HAx7n3cnNPnApuwPM+nbHxicmp6ZnZ0tz8wuKSu7xyZZJMU1aliUh0LSaGCa5YFTgIVks1IzIW7DruHPXq13dMG56oS8hTFkrSUrzJKQFrRe5OC+cR4GALBzHR+DY6xSc4MLwlSVQEMsOByrr4+OaHIbqI3LJX8frCo+APoIwGOovc96CR0EwyBVQQY+q+l0JYEA2cCtYtBZlhKaEd0mJ1i4pIZsKif10Xb1ingZuJtk8B7ru/JwoijcllbDslgbYZrvXM/2r1DJr7YcFVmgFT9HtRMxMYEtyLCje4ZhREboFQze1fMW0TTSjYQEs2BH/45FG42q74uxXvfKd8cDiIYwatoXW0iXy0hw7QCTpDVUTRPXpEz+jFeXCenFfn7bt1zBnMrKI/cj6+APmEoKY=</latexit>

gyt q̄LH�µ⌫F
µ⌫
tR

Figure 1:

1 A

1

<latexit sha1_base64="DDkZCc9vubSl8HI+G3jhnBtjr6w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisYD+wDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1NaWV1b3yhvVra2d3b3qvsHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hkUucMPQ6qNbfu5kDLxCtIDQo0B9Wv/jAiiaDSEI617nlubPwUK8MIp7NKP9E0xmSCR7RnqcSCaj/Nb52hE6sMURgpW9KgXP09kWKh9VQEtlNgM9aLXib+5/USE177KZNxYqgk80VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2JD8BZfXibt87p3WXfvL2qNmyKOMhzBMZyCB1fQgDtoQgsIjOEZXuHNEc6L8+58zFtLTjFzCH/gfP4AIWyNow==</latexit>

W,Z

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f
Figure 1:

1 A

1

dipole
<latexit sha1_base64="5PREcRNyZ02sJezDoatBYDGd8k8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDz0uM8A==</latexit>

h

Power counting important to estimate size of different contributions

Operators involve other SM fields and mostly not enhanced by strong coupling
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<latexit sha1_base64="YoUgXKs8rjAD8WGAQuRISkipSuw="></latexit>
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ytg
2
⇤|H|2 q̄LHtR

<latexit sha1_base64="DtIWgKlIJT3nazRLqyvoTqWHtAM="></latexit>

{g2⇤, y2t }(H†$
DµH)
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�
<latexit sha1_base64="PjNjOpN8CRfwPx76atMRX8GUECU="></latexit>



Top compositeness as an EFT

<latexit sha1_base64="l56CzftlriPKZYJxpp+hpSNRXt8="></latexit>c D
m2

⇤
 ̄D3

µ�
µ 

Power counting important to estimate size of different contributions

There are a few exceptions:

g
2
⇤

m2
⇤
(H†$

DµH) (t̄R�µtR)
<latexit sha1_base64="DkDkdvINnSIx9NOEAdDjeUmuEUw="></latexit>

ytg
2
⇤

m2
⇤
|H|2 q̄LHtR

<latexit sha1_base64="t36ty2uNPRj5cNem84T0oguoHxo="></latexit>

loop suppressed

low sensitivity on tth coupling

Enhanced operator without top quarks:

6

g
2
⇤

m2
⇤

�
@|H|2

�

<latexit sha1_base64="Lx5Emc1WVtSn1fzv4DOdQzeP8NM="></latexit>

m4
⇤

g2⇤
O

✓
�L/R

g⇤ L,R

m3/2
⇤

,
g⇤H

m⇤
,
@µ
m⇤

,
gV

m⇤

◆

<latexit sha1_base64="YoUgXKs8rjAD8WGAQuRISkipSuw="></latexit>



LHC :
p
s = 7, 8, 13TeV, L = 5, 20, 35.9 fb�1

<latexit sha1_base64="cT5NedMF42hvtYNhV21+jv7EvzQ="></latexit>

7
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Top compositeness at the LHC

Not a global fit

m⇤
g⇤

> 730GeV
<latexit sha1_base64="aPfoNuAnLECs9iq5KGXV0/FFAQY="></latexit>

m⇤
g⇤

> 820GeV
<latexit sha1_base64="BFZW9wVeOcCCWDGdSdbmKhFC5V4="></latexit>

๏ LHC bounds are relatively weak

๏ Top contact interaction comparable to Higgs precision

Operators with different power counting estimates provide different exclusion regions

[de Blas et al. 1902.00134]

[CMS 1811.02305]

[Banelli et al. 
2010.05915]



Top compositeness at future lepton colliders

Four top production not achievable at most lepton colliders*

For strongly coupled theories             , RGE term leading contribution.
<latexit sha1_base64="1ReYQ5tMVXL3pnaYSjHGM0dtY8M=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREFD0WvXisYD+kDWWz3aRLdzdhdyOU0F/hxYMiXv053vw3btMctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AkWQhI9hY6TEanKF+FCFvUK25dTcHWiZeQWpQoDmofvWHMUkFlYZwrHXPcxPjZ1gZRjidVvqppgkmYxzRnqUSC6r9LD94ik6sMkRhrGxJg3L190SGhdYTEdhOgc1IL3oz8T+vl5rw2s+YTFJDJZkvClOOTIxm36MhU5QYPrEEE8XsrYiMsMLE2IwqNgRv8eVl0j6ve5d19/6i1rgp4ijDERzDKXhwBQ24gya0gICAZ3iFN0c5L8678zFvLTnFzCH8gfP5Az76j2M=</latexit>

g⇤ � 1

Exploit renormalization group effects in pair production

<latexit sha1_base64="1kdRQIR8yyqz0RYOLOKTxp8FP+4="></latexit>ctD
m2

⇤
(@µBµ⌫)(t̄R�

⌫tR)
<latexit sha1_base64="zKDmhH0CG385p47cS4gHAydMric="></latexit>cte
m2

⇤
(ēR�µeR)(t̄R�

µtR)
ΕΟΜ

<latexit sha1_base64="+KAKVbmmqowuvs8SEi5oMHbQIqc=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cK9gPaWDbbSbt2kw27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLff0DJVDOtMCqlaAdUoeIx1w43AVqKQRoHAZjC8mfjNJ1Say/jejBL0I9qPecgZNVZqdFCIh9NuqexW3CnIIvFyUoYctW7pq9OTLI0wNkxQrduemxg/o8pwJnBc7KQaE8qGtI9tS2Maofaz6bVjcmyVHgmlshUbMlV/T2Q00noUBbYzomag572J+J/XTk145Wc8TlKDMZstClNBjCST10mPK2RGjCyhTHF7K2EDqigzNqCiDcGbf3mRNM4q3kXFvTsvV6/zOApwCEdwAh5cQhVuoQZ1YPAIz/AKb450Xpx352PWuuTkMwfwB87nDyvRjtw=</latexit>

`+

<latexit sha1_base64="hhLrdNTXVnYoz3bfpWR9CDTOltM=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4sSSi6LHoxWMF+wFtLJvtpF27yYbdjVBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttvaJkqhnUmhVStgGoUPMa64UZgK1FIo0BgMxjeTPzmEyrNZXxvRgn6Ee3HPOSMGis1OijEw2m3VHYr7hRkkXg5KUOOWrf01elJlkYYGyao1m3PTYyfUWU4EzgudlKNCWVD2se2pTGNUPvZ9NoxObZKj4RS2YoNmaq/JzIaaT2KAtsZUTPQ895E/M9rpya88jMeJ6nBmM0WhakgRpLJ66THFTIjRpZQpri9lbABVZQZG1DRhuDNv7xIGmcV76Li3p2Xq9d5HAU4hCM4AQ8uoQq3UIM6MHiEZ3iFN0c6L8678zFrXXLymQP4A+fzBy7Zjt4=</latexit>

`�

<latexit sha1_base64="kDLewBLHBslQCTBi0+YqVMwzeyM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD9i775UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AE47o3B</latexit>

tR

<latexit sha1_base64="uKy27iFQ7Hp5D2BT3Jdp9fRR9IA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbRSuxtQTbB33ytX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx274ScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMps+TvtCcoRxbQpkW9lbChlRThjaikg3BW3x5mTTPqt5F1b07r9Su8ziKcATHcAoeXEINbqEODWAg4Rle4c15dF6cd+dj3lpw8plD+APn8weK2I+k</latexit>

t̄R
Figure 1:

1 A

1

<latexit sha1_base64="4QbshbvGjPrNkU9mhCfSzvHJxw8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuKHoM8eIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8MOMY/ZAOJO9zRo2V7quPZ91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP61n3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97l2X37qJUqWZx5OEIjuEUPLiCCtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MHro6NZg==</latexit>

B⇤<latexit sha1_base64="4QbshbvGjPrNkU9mhCfSzvHJxw8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuKHoM8eIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8MOMY/ZAOJO9zRo2V7quPZ91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP61n3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97l2X37qJUqWZx5OEIjuEUPLiCCtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MHro6NZg==</latexit>

B⇤

Figure 1:

1 A

1

+

cte
m2

⇤
= 2

ct`
m2

⇤
= g0

ctD
m2

⇤<latexit sha1_base64="jV8TugRtoOVX9xSTUGpEUi14Vs0=">AAACNnicbZBNS8NAEIY39bt+VT16CRbRU0mioBehqAcvgoLVQhPDZjtpl24+2J0IJeRXefF3ePPiQRGv/gS3taBtHVh4eZ8ZZucNUsEVWtaLUZqZnZtfWFwqL6+srq1XNjZvVZJJBg2WiEQ2A6pA8BgayFFAM5VAo0DAXdA7G/C7B5CKJ/EN9lPwItqJecgZRW35lUs3lJTlzM8RiiKPfJcqvHeKE+cXuCDEGOvs/cLzv8SvVK2aNSxzWtgjUSWjuvIrz247YVkEMTJBlWrZVopeTiVyJqAou5mClLIe7UBLy5hGoLx8eHZh7mqnbYaJ1C9Gc+j+nchppFQ/CnRnRLGrJtnA/I+1MgyPvZzHaYYQs59FYSZMTMxBhmabS2Ao+lpQJrn+q8m6VCeCOumyDsGePHla3Do1+6DmXB9W66ejOBbJNtkh+8QmR6ROLsgVaRBGHskLeSPvxpPxanwYnz+tJWM0s0XGyvj6Bu2krm8=</latexit>

ctD
m2

⇤
(µ) =

g0

m2
⇤
(m⇤) +

g2⇤
m2

⇤
(m⇤)

32

9

g0

16⇡2
log

✓
m2

⇤
µ2

◆

<latexit sha1_base64="O7dFk0CDhU8psUr/CfDDA4q57eU="></latexit>

8

 * High energy colliders can open up this channel, but �(4t)10 TeV
µµ ⇠ O(ab)

<latexit sha1_base64="QEqN39kf3smD7TuwmUDnMNN8g1s="></latexit>



๏ Multiple operators enter top pair production

<latexit sha1_base64="PxfgnSw3+XJvCY4fdpu7JFHteZs=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgFsSSi6LLoxo1QwT6giWUynbRDJw9mboQS+gtu/BU3LhRx686df+MkzUJbDwxzOOde7r3HiwVXYFnfxsLi0vLKammtvL6xubVt7uy2VJRIypo0EpHseEQxwUPWBA6CdWLJSOAJ1vZGV5nffmBS8Si8g3HM3IAMQu5zSkBLPbPqBASGlIj0ZtJLHSbE/RHOv2PsQIQBOx6RGCY9s2LVrBx4ntgFqaACjZ755fQjmgQsBCqIUl3bisFNiQROBZuUnUSxmNARGbCupiEJmHLT/KIJPtRKH/uR1C8EnKu/O1ISKDUOPF2Z7a9mvUz8z+sm4F+4KQ/jBFhIp4P8RODsVB0P7nPJKIixJoRKrnfFdEgkoaBDLOsQ7NmT50nrpGaf1azb00r9soijhPbRAaoiG52jOrpGDdREFD2iZ/SK3own48V4Nz6mpQtG0bOH/sD4/AFZL5yv</latexit>

M`+`�!tt̄ ~

Figure 1:

1 A

1

dipole
+

Figure 1:

1 A

1

+
<latexit sha1_base64="PC1eMqXKc5yKD21NqNJX4erdtCY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrfOM2g==</latexit>

R
<latexit sha1_base64="PC1eMqXKc5yKD21NqNJX4erdtCY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrfOM2g==</latexit>

R
<latexit sha1_base64="3N15HF9oM7jv7AKL9DiB8jk0nE8=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwSMB+QHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWqt/3SmW34s5AlomXkzLkqPVKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZodOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDZFG4K3+PIyaZ5XvMuKW78oV2/yOApwDCdwBh5cQRXuoAYNYIDwDK/w5jw6L8678zFvXXHymSP4A+fzB6TbjNQ=</latexit>

L

<latexit sha1_base64="+x1DA5KzfBztWNYBQQ6xP4bhGlw="></latexit>

g
2
⇤

m2
⇤
(H†

DµH)(t̄R�
µ
tR)

<latexit sha1_base64="DKkiHAaUWutCbLfoJYSrOdDI+vc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/cA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDuhOM4g==</latexit>

Z
<latexit sha1_base64="u5NnoDEOVZnmGoHCfFTNLTHf/ng=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoseiF48V7Ie2oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUUVansYhVK0DNBI9Y3XAjWCtRDGUgWDMY3kz85hNTmsfRvRklzJfYj3jIKRorPTyekk4fpcRuqexW3CnIIvFyUoYctW7pq9OLaSpZZKhArduemxg/Q2U4FWxc7KSaJUiH2GdtSyOUTPvZ9OAxObZKj4SxshUZMlV/T2QotR7JwHZKNAM9703E/7x2asIrP+NRkhoW0dmiMBXExGTyPelxxagRI0uQKm5vJXSACqmxGRVtCN78y4ukcVbxLiru3Xm5ep3HUYBDOIIT8OASqnALNagDBQnP8ApvjnJenHfnY9a65OQzB/AHzucP93iP3Q==</latexit>

Z, �

<latexit sha1_base64="8DRMurlOJaYkFVaHN4pYjKypu6c="></latexit>

ytg

m2
⇤
q̄LH�µ⌫W

µ⌫
tR

<latexit sha1_base64="zKDmhH0CG385p47cS4gHAydMric="></latexit>cte
m2

⇤
(ēR�µeR)(t̄R�

µtR)

<latexit sha1_base64="om3Pouv6e4bRFj1AH0TGmdnqrJc=">AAACB3icbVDLSgMxFM34rPU16lKQYBHERZkpii6LblxWsA/oTIdMmmlDk8yQZIQydOfGX3HjQhG3/oI7/8Z0OgttPXC5h3PuJbknTBhV2nG+raXlldW19dJGeXNre2fX3ttvqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB2ObqZ++4FIRWNxr8cJ8TkaCBpRjLSRAvvIU5RDL5IIZ4PgrFebZDxvkAftXi2wK07VyQEXiVuQCijQCOwvrx/jlBOhMUNKdV0n0X6GpKaYkUnZSxVJEB6hAekaKhAnys/yOybwxCh9GMXSlNAwV39vZIgrNeahmeRID9W8NxX/87qpjq78jIok1UTg2UNRyqCO4TQU2KeSYM3GhiAsqfkrxENkMtEmurIJwZ0/eZG0alX3ourcnVfq10UcJXAIjsEpcMElqINb0ABNgMEjeAav4M16sl6sd+tjNrpkFTsH4A+szx9vUZhh</latexit>

⇠ g2⇤
m2

⇤
m2

W

<latexit sha1_base64="SXm/tfuvCwJRlrh8vxgNDWPdHeU=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJCDFVSgWCsYGEsEn1ITagc12mt2kmwb5CqKB/Awq+wMIAQKx/Axt/gthmg5UiWj845V/Y9fiy4Btv+tgpLyyura8X10sbm1vZOeXevpaNEUdakkYhUxyeaCR6yJnAQrBMrRqQvWNsfXU389gNTmkfhLYxj5kkyCHnAKQEj9coVV3OJ3UARmg7ualkqeyfmwrIH2NX3ClKdmZRdtafAi8TJSQXlaPTKX24/oolkIVBBtO46dgxeShRwKlhWchPNYkJHZMC6hoZEMu2l02UyfGSUPg4iZU4IeKr+nkiJ1HosfZOUBIZ63puI/3ndBIILL+VhnAAL6eyhIBEYIjxpBve5YhTE2BBCFTd/xXRITDFg+iuZEpz5lRdJq1Z1zqr2zWmlfpnXUUQH6BAdIwedozq6Rg3URBQ9omf0it6sJ+vFerc+ZtGClc/soz+wPn8AgaKbSA==</latexit>

⇠ g2

m2
⇤
mt

p
s

<latexit sha1_base64="GGkQlw5wGungoSTWcVrW8ekvrO8=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBXJSZouiy6MZlBfuAzjhk0kwbmmSGJCOUoeDGX3HjQhG3/oQ7/8Z0OgttPXC5h3PuJbknTBhV2nG+rdLS8srqWnm9srG5tb1j7+61VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glH11O/80CkorG40+OE+BwNBI0oRtpIgX3gKcqhF0mEs0Fwel+fZDxvUAV21ak5OeAicQtSBQWagf3l9WOcciI0Zkipnusk2s+Q1BQzMql4qSIJwiM0ID1DBeJE+Vl+wwQeG6UPo1iaEhrm6u+NDHGlxjw0kxzpoZr3puJ/Xi/V0aWfUZGkmgg8eyhKGdQxnAYC+1QSrNnYEIQlNX+FeIhMHtrEVjEhuPMnL5J2veae15zbs2rjqoijDA7BETgBLrgADXADmqAFMHgEz+AVvFlP1ov1bn3MRktWsbMP/sD6/AHOG5b5</latexit>

⇠ g2⇤
m2

⇤
s

At high energies, contact interactions dominate

๏ Bottom pair-production sensitive to weak couplings

<latexit sha1_base64="flVja/32Tkw7DZcRyDNrzAcoN58="></latexit>
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<latexit sha1_base64="rbeboteAJCnWkQxTE3z1kHpNaD8=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgFsSSi6LLoxo1QwT6giWFmOmmHTh7MTIQS8gtu/BU3LhRx686df+MkzUJbDwxzOOde7r0Hx5xJZVnfxsLi0vLKamWtur6xubVt7ux2ZJQIQtsk4pHoYSQpZyFtK6Y47cWCogBz2sXjq9zvPlAhWRTeqUlM3QANQ+YzgpSWPLPuBEiNCOLpTealDuX8/ggW3zF0VAQxdDASEGeeWbMaVgE4T+yS1ECJlmd+OYOIJAENFeFIyr5txcpNkVCMcJpVnUTSGJExGtK+piEKqHTT4qIMHmplAP1I6BcqWKi/O1IUSDkJsK7M95ezXi7+5/UT5V+4KQvjRNGQTAf5CYf61DweOGCCEsUnmiAimN4VkhESiCgdYlWHYM+ePE86Jw37rGHdntaal2UcFbAPDkAd2OAcNME1aIE2IOARPINX8GY8GS/Gu/ExLV0wyp498AfG5w8h/ZyL</latexit>
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~

<latexit sha1_base64="3N15HF9oM7jv7AKL9DiB8jk0nE8=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwSMB+QHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWqt/3SmW34s5AlomXkzLkqPVKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZodOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDZFG4K3+PIyaZ5XvMuKW78oV2/yOApwDCdwBh5cQRXuoAYNYIDwDK/w5jw6L8678zFvXXHymSP4A+fzB6TbjNQ=</latexit>
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<latexit sha1_base64="6jMPuhf4LTtQe4CNTOLPom3S0sM=">AAACDXicbZC7TsMwFIYdrqXcAowsFgUJMVRJBYKxgoWxSPQiNWnkuE5q1U4i20GKor4AC6/CwgBCrOxsvA1OmwFajmTr0/+fI/v8fsKoVJb1bSwtr6yurVc2qptb2zu75t5+R8apwKSNYxaLno8kYTQibUUVI71EEMR9Rrr++Kbwuw9ESBpH9ypLiMtRGNGAYqS05JnHjqQcOoFAOM88NWjAcNCY5KF3ppEX9wRKz6xZdWtacBHsEmqgrJZnfjnDGKecRAozJGXfthLl5kgoihmZVJ1UkgThMQpJX2OEOJFuPt1mAk+0MoRBLPSJFJyqvydyxKXMuK87OVIjOe8V4n9eP1XBlZvTKEkVifDsoSBlUMWwiAYOqSBYsUwDwoLqv0I8QjoZpQOs6hDs+ZUXodOo2xd16+681rwu46iAQ3AEToENLkET3IIWaAMMHsEzeAVvxpPxYrwbH7PWJaOcOQB/yvj8AVevmnA=</latexit>
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Top compositeness at ILC and CLIC
High c.o.m. energies great advantage in (indirectly) probing most of parameter space.
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Based on reinterpretation of results for sensitivity to the individual operators .

<latexit sha1_base64="oWTT1xcDzfLZOJCnlgz9QgdpKsA="></latexit>p
s = 0.38, 1.4, 3 TeV

L = 0.5, 1.5, 3 /ab

Contact interactions and highest-energy runs dominate the sensitivity.

<latexit sha1_base64="24AYuvdn510QeHlYD+aT2doRpX0=">AAACLnicbVDLSgMxFM3UVx1foy7dBIvioowzYtGNUBTBhYsKfUFnKJk0U0MzD5OMUIb5Ijf+ii4EFXHrZ5hOu9C2B5J7OPdcknu8mFEhLetdKywsLi2vFFf1tfWNzS1je6cpooRj0sARi3jbQ4IwGpKGpJKRdswJCjxGWt7gatRvPRIuaBTW5TAmboD6IfUpRlJJXePaEQ9cpiKDhxfQMitl6JShrS5VUocHsE6aGXQc/XaO4Th3IC/rGiXLtHLAWWJPSAlMUOsar04vwklAQokZEqJjW7F0U8QlxYxkupMIEiM8QH3SUTREARFumq+bwQOl9KAfcXVCCXP170SKAiGGgaecAZL3Yro3Euf1Oon0z92UhnEiSYjHD/kJgzKCo+xgj3KCJRsqgjCn6q8Q3yOOsFQJ6yoEe3rlWdI8Me2Kad2dlqqXkziKYA/sgyNggzNQBTegBhoAgyfwAj7Ap/asvWlf2vfYWtAmM7vgH7SfX4Gzoh0=</latexit>p
s = 0.5, 1 TeV

L = 0.5, 1 /ab
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Top compositeness at ILC and CLIC
High c.o.m. energies great advantage in (indirectly) probing most of parameter space.
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m⇤
g⇤

> 7.7TeV
<latexit sha1_base64="Rtk83goRwn1yyDHEOFmCEVWPs+E="></latexit>

m⇤
g⇤

> 4.3TeV
<latexit sha1_base64="5n7AjK11Z6UKuOVshQ4E1Fo5T5U="></latexit>

[de Blas et al. 1902.00134]

[Banelli et al. 2010.05915]



Same conclusion at a high-energy muon collider, with larger reach!

Top compositeness at µ-Collider

Main assumption is that uncertainty remains statistically dominated.

12

(statistically dominated errors)
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<latexit sha1_base64="Bi9669t3UZm7TZsVvC8ynXMMXtw=">AAACIHicbVDLSgMxFM34tr5GXboJFkFEyoxU61J041LBPqAzlEx6pwaTmSHJCCXMp7jxV9y4UER3+jWm7Sy0eiHhcM49NzcnyjhT2vM+nZnZufmFxaXlysrq2vqGu7nVUmkuKTRpylPZiYgCzhJoaqY5dDIJREQc2tHdxUhv34NULE1u9DCDUJBBwmJGibZUz22YYDzERDyHAgexJNSI3kFhBvbCwUBbr8AntToODrEJpMA30CqKnlv1at648F/gl6CKyrrquR9BP6W5gERTTpTq+l6mQ0OkZpRDUQlyBRmhd2QAXQsTIkCFZrxbgfcs08dxKu1JNB6zPx2GCKWGIrKdguhbNa2NyP+0bq7j09CwJMs1JHTyUJxzrFM8Sgv3mQSq+dACQiWzu2J6S2xG2mZasSH401/+C1pHNf+45l3Xq2fnZRxLaAfton3kowY6Q5foCjURRQ/oCb2gV+fReXbenPdJ64xTerbRr3K+vgH6UKLK</latexit>m⇤
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<latexit sha1_base64="R/F/yyLQIWHuR/yAMA/TKW5ZxUk="></latexit>p
sµ+µ� = 10TeV Lµ+µ� = 10 /ab

[Buttazzo et al. 2012.02769] 

[Han et al. 2008.12204] 
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Summary and outlook

Top compositeness provide an exciting probe of composite Higgs models

Leading effects from 4-top contact interaction

direct, 4t production 
(LHC, FCC)

indirect, pair-production 
(CLIC, ILC, µ-Collider)

๏  

๏  

๏  

Sensitivity from RGE contributions to lepton-top contact interactions

Highest gain from highest energy runs
At lepton colliders:  

✓
m⇤
g⇤

◆

LHC

> 730 GeV,

✓
m⇤
g⇤

◆

CLIC

> 7.7 TeV

✓
m⇤
g⇤

◆

µµ,10TeV

> 18 TeV
<latexit sha1_base64="QS0K0K1lZ/9usRSjKCvoHmOtCwA="></latexit>


